Abstract: Research in the field of tissue engineering is rapidly producing new types of cultured tissues, which may aid in repairing or replacing damaged soft tissues. It is critical to assess the mechanical properties of these engineered tissues to determine if the properties approach those of native tissues. Planar biaxial testing is an appropriate characterization method because thin, soft tissues are generally accepted to be incompressible. The objective of this project is to design and build a low cost, electromechanical testing system for planar biaxial stretching of soft connective tissues. The planar biaxial device designed in this paper has a four -axis control system as well as the four components of: a temperature-controlled testing chamber, a low friction sample attachment system, a stretching/force system, and a deformation analysis system. The device's design is unique and innovative due to its low force capability (< 0.5N), low cost (< $15,000), sterilizable materials, and real time computer control.
I. INTRODUCTION
Research in the field of tissue engineering is rapidly producing new types of cultured tissues which may aid in repairing or replacing damaged soft tissues. It is critical to assess the mechanical properties of these engineered tissues to determine if their properties approach those of native tissues.
In general, the properties of engineered tissues are assessed by uniaxial testing. However, these tests do not provide sufficient data to determine the full three-dimensional constitutive relationship for a tissue [2] . Planar biaxial testing is sufficient for testing thin tissue samples if the material is considered incompressible, which is a generally accepted assumption for soft tissues [1, 3] .
Commercially available planar biaxial test systems are not accessible to many researchers and universities because they cost up to $250,000. Furthermore, these devices are generally designed to apply relatively high forces (50N-2kN) , which are beyond the range of many of the tissues that are cultured in tissue engineering laboratories.
The objective of this project is to design and build a low cost electromechanical testing system for planar biaxial testing of soft connective tissues and cultured tissues. The device is designed to measure the low forces (< 0.5N) that the cultured tissues experience when biaxially stretched.
II. DESIGN APPROACH
The planar biaxial device consists of four sub-systems with the following design criteria:
1. Temperature-Controlled Testing Chamber The samples will be tested at human body temperature and submerged in a physiological solution in order to obtain the proper biomechanical properties. An autoclavable bath is needed to keep a sterile and biocompatible environment. A self-adjusting temperature control system is necessary to maintain the solution surrounding the sample at a constant temperature.
2. Sample Attachment System All tethers to the sample must exert equal force and allow the sample to expand freely in the transverse direction. If pivots are used to equalize the forces, they must have very low friction.
3. Stretching/Force System Small samples (~10mm) of the cultured tissues are able to withstand only small forces (~0.5N). Torque transducers were used in this design to minimize frictional forces.
4. Deformation Measurement System Due to low stiffness of the sample, a non-contact system is best suited to measure the deformation of the tissues. By using a video tracking system, the deformation can be quantified at a distance in real time.
III. DETAILED DESIGN
The images for this device were all developed using Pro Engineer, Parametric Technology Corporation, MA.
Test Sample Environment
The biocompatible chamber is built with materials that do not react with the physiological solution used to bath the samples. Small stainless steel hooks are used to attach the sample to the device. Electric heating pads below the chamber are used instead of heated fluids flowing through the bath to minimize fluid forces on the sample. Submerged pulleys, separated by a very low friction bearing (Fig. 1) distribute the force evenly between all four hooks on each side of the sample. Extremely low friction in the pulleys and bearing is necessary to accurately measure the low forces.
Figure 1. One Axis of Force and Motion System
From right to left: 1) stepper motor , connects to 2) threaded rail which creates motion to stretch the sample, 3) torque transducer mounted on 4) aluminum mount holds the 5) arm, which can be adjusted to measure different load ranges and connects to 6) pivot bearing holding 7) two sutures that wrap around 8) low friction pulleys tied to four hooks which attach to the sample, all mounted on 9) an aluminum base plate.
Motion of Test Sample
We utilize four motors (AM17-44-3MT, Advanced Micro System, NH) to stretch the sample while keeping it centered under the camera.
By using a cruciform shaped chamber, we allow a smaller moment about the transducer mount. Placing the motor components offset to the line of tension minimizes the length of the arm (Fig. 1) .
3. Force Measurement Torque transducers (T5100 20 in-oz, Futek Inc., CA) with different length moment arms are used to vary the force range of the system (Fig. 2) .
Figure 2. Adjustable force measurement system
A small length of the arm L 1 is used to measure higher force F 1 whereas a long length of arm L 2 is used to measure small force F 2 . The torque at the transducer is the same in both cases.
Displacement Measurement
An analog camera (Sony XC-ST50, Edmunds Optics, NJ) and National Instruments' vision system detect and record the displacement of graphite markers on the sample during stretching. These data are collected and processed in real time and used to calculate the biaxial strain of the sample.
Electronic Hardware and Software
National Instruments software LabVIEW controls the device and acquires the force and displacement in a cost efficient way. The program contains a user-friendly interface. (2) on the side of the chamber make room for the torque transducers (3). An aluminum extrusion is used to construct the chassis (4) which is versatile for making adjustments. The camera (6) mounts overhead (5). The element above the camera (7) changes the vertical placement of the camera and thus the field of view. The heated cruciform chamber (8) is at the center of the device baths the sample in saline solution.
IV. DISCUSSION AND CONCLUSIONS
The device's design is unique and innovative due to its ability to measure low forces, its low cost, and it's ability to be used in a sterile environment. Judicious choice of components (and inexpensive student labor) allow this planar biaxial device to be constructed at under $15,000.
This device allows the user to test various types of very compliant soft connective tissues. Testing protocols include stretch or force control, creep and stress relaxation testing, and observing the effect of temperature on the stress/strain relationship. ACKNOWLEDGMENT This project was funded in part by a grant from the Whitaker Foundation (RG-02-0732).
